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TTTT F n F THR INVENTION 



5 PROTEINS AND DNA RELATED TO SALT TOLERANCE IN PLANTS 

. This apWion claims benefit to U.S. provisional application No 60/194,649, filed 

* ^ on April 04, 200l\nd incorporated herein by reference in its entirety. 
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^T^IEMEHLP F T7P.DF.RALLYJ LMDEHRESEABCH 
This invention was supported by the National Institutes of Health by Contract No. 
R01GM59138 and the U.S. Department of Agriculture by Contract No. 9801270. The 
government may have certain rights to this invention. 

Field nf the Inv ention 

The present invention relates to proteins and nucleic acids related to sal. tolerance m 

plants. 

Descriplian-of the Background 
<W?1 KArabUopsU .haliana, the Sal. Overly Sensitive 7 (SOS2) gene is requ.red for 
^aleUuSw and K* homeos.asis. Mutations in SOS2 cause Na* and K + imbalance and 
render plants tnV sensitive toward grovleth inhibition by h.gh Na* and low K 
environment, Violated the SOS2 gene through positional Coning. SOS2 is pred.cted to 
encode a serine/threonine «. protein kinase with an N-terminal catalytic domain stmtlar to 

,ha, of the yeas. SNF1 kW Se " UenCe *"** *" T 

N-.erminal ca«a.y.ic doma\an<> .he Cerminal regular domain of SOS2 are fl.nCona.ly 
essential The steady-state leVel of SOS2 transcript is up-re g ula,ed by salt stress ,n the root. 
Au.ophosphoryla.ion assays sLw ,ha« SOS2 is an active protein kinase. In the recesstve 
sos2-S allele, a conserved glycine residue in the kinase catalytic domain is changed to 
glutamate. This mutation abolishVs SOS2 au.ophosphoryla.ion, indicating mat SOS2 pro.em 
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Vinase ac!Mty is required for salt tolerance. 

S of— ion homeostasis U esse„,ia, for all cellular -a— s 

c e„s maintain relatively >» r and to w N;+ — ;f ,e ^ - 
achieved through coordinated regulation of transporters for H , K , N. P 
m emhra„e, a fami.y of P-type H*-ATPases serves as the prima, pump 
p _«ive force driving the active transport of other solutes, includ.ng K and N » 
Several p,an, K" channels and transporters have heen mdecularly characterized. Th nward 
elying K* channel AKT1 is essentia, for root K* uptake i„ ***** ft * 
Expression characteristics indicate that the KAT, ehanne, is invoived in K* influx ,n 

guard ecus (*, 5). — , an outward rechfying K* — has been s « 
10 b e essentia, for un,oading K* into the ***** root xy*m (6). The wh a, H^TIg e 
product functions as a high-afflnity K* tmnsporter (7). In addtt.cn, a ^^HT 
exists a,*****. A. .east one of them, H/M. encodes a protein that ca tart* asa 
Il-affinity K + transporter (8, 9, Na* enters p,an, ceUs passively, presumably . ™g» K 
rranspor, systems (,0), * — »r ta gi. p,an,s do no, seem to possessNa 
ATPases or Na-ATPases. Na* efflux s achieved through the activities of Na ffl antiportrs 
r P ,asma membrane. Much of the Na* that enters the eel, 
vacuole through the action of vacuolar Na /H anttporters (, 1.12 . The dnving 
va cuo,ar transporters is me p— tive force created hy vacuo.ar V-«ype H -ATPases 
,he ^-pyrophosphatase (1, ,3). Although there has been great progress tn the 
UJL of K* and Na* transporters in plants, little is currently known ahou, the.r 

re8Ula t the trophic chain, p,an, roots play pivotal roles hy taking up mineral nutrients from 
sol, solutions. Plant roots experience constant fluctuations in soil environment, A fre,u nt 
variant in the soil solution is Na* concentration (.4). Na* is no, an esse . a -o £ m 
p,a„t, in fac,, the growth of the majority of plants, glycophytes, ,s —e by «h pre e^ 
of high concentrations of soil Na*. External Na* causes K* deficiency by inhibiting K uptake 
of high cone accumulation within m e cell is toxic to many cytosohe enzymes. In 

into plan, cells (15). Na accumula ( ^ ^ ^ 

contrast many cellular enzymes are activated by K , which is me 
12 la m din cytoplasmic enzymes are especiaHy prone ,0 Na* inhibition when K 
cytoplasm, certain ^ l v • ^^ih.iar K + and homeostasis to 

concentration is reduced (16). Therefore, maintainmg intracellu.a K »" 
preserve a high K7Na* ratio is important for all cells and especially critical for plan, cells. 
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A family of—* ,os (sa„ overly sensttive, mutants defcc,ve 
of intracellular Ha' and K* ho— s was recent* character^ 1 5£ 

,»„« are specifically hypersensitive to inhibition by high concentrations of external N 
mutants are spectf.ca! y yp ^ more 

U (17. .8). m response to h h Na chata e ^ ^ 

N a* and retain ,ess K* than w.d-type plan* 1 ^ ^ ^ ^ 

the external K + concentration is very low (1 7, 1 8). 1 nese pneno yy 
li ar eLve in the relation of K + and N.* transport (1 8). The SOS3 gene was 
circled and shown to encode an EF hand-type calcium-bmdmg protein « shares 
sig ni f ,ca„, seo,ence parities with antma, neurona, calcium sense, - £ £ * 
calineurin B subunit (19). In yeas,, calcineurin is a central component m the gnahng 
calcineunn r> s> t . ,, n ?n t oss-of-function mutations in 

pathway that regulates Na + and ^homeostasis (20, 21). Loss ot + 
calcineunn B cause increased sensitivity of yeast cells to Na or Li stre • 

parts of the „or,d. For example, in sal* so,, found in areas such as Southern Cahfomta, 



tend to dlase the rate at which water from the soil wil, enter the 

Hen. may be more than ample. Also, elements such as sod,um are lenown ,0 be toxtc 
plants when they are taxen up by the plant. ^ ^ a 

Qnlt tolerant plants can tacilitate use ui 1110151 
. . " « s of irr.ga.ion water. Tradtttona, plant breedtng methods have, thus far, 
wider range ot sources 01 img addition, 

Accordingly, there is a need to increase salt tolerance ,n plants, par— those 
plants which are advantageously useful as agricultural crops. 
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SliMMABXQETHEJNVF.NTION 
We report here the positional cloning of the SOS2 locus. SOS2 is predicted to encode 
a serine/threonine type protein kinase with an N-terminal catalytic domain highly similar to 
those of yeast SNF 1 and mammalian AMPK kinases. Sequence analyses of several sos2 
mutant alleles point to a functional requirement of both the N-terminal catalytic domain and 
the C-terminal regulatory domain of SOS2. SOS2 is expressed in both the root and shoot. In 
the root SOS2 mRNA is up-regulated by salt stress. Autophosphorylation assays demonstrate 
that SOS2 is an active protein kinase. Furthermore, a mutation that abolishes SOS2 
autophosphorylation renders plants hypersensitive to salt stress, indicating that SOS2 protem 
kinase activity is necessary for salt tolerance. This demonstrates that a protein kmase M 
essential for intracellular Na + and K + homeostasis and plant salt tolerance. 

Thus, the present invention provides an isolated polynucleotide which encodes a 
protein comprising the amino acid sequence in SEQ ID NO:2. 

In a preferred embodiment the polypeptide has serine/threonine kinase activity. 
In another preferred embodiment the polynucleotide comprises SEQ ID NO:l, 
polynucleotides which are complimentary to SEQ ID NO:l, polynucleotides winch are at 
least 70%, 8 0 o/o and 90o/ 0 identical to SEQ ID NO: 1 ; or those sequence which hybnchze 
under stringent conditions to SEQ ID NO: 1 , the stringent conditions comprise washing m 5X 

SSC at a temperature from 50 to 68°C. 

In another preferred embodiment the polynucleotides of the present invention 
vector and/or a host cell. Preferably, the polynucleotides are in a plant cell or transgemc 
plant Preferably, the plan, is Arabidopsis tha.iania or selected from the group cons.sting of 
wheat, com, peanut cotton, oat, and soybean plant. In a preferred embodiment, the 
polynucleotides are operably linked to a promoter, preferably an inducible promoter. 

In another preferred embodiment the present invention provides, a process for 
screening for polynucleotides which encode a protein having serine/threonine kinase active 
comprising hybridizing the polynucleotide of the invention to the pdynucleofde to be 
screened; cxpressmg the polynucleotide to produce a protein; and detecting the presence or 
absence of serine/threonine kinase activity in said protein. 

In another preferred embodiment, the present invention provides a method for 
detecting a nucleic acid with a. leas, 70% homo.ogy to nucleotide SEQ ID NO: sequences 
which are complementary to SEQ ID NO: 1 and/or which encode a protein having the ammo 
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acid sequence in SEQ ID NO:2 comprising contacting a nucleic acid samp.e with a probe or 
primer comprising a. leas. 15 consecutive nucleotides of .he nucleotide sequence of Clatm 1, 
or at least 1 5 consecutive nucleotides of the complement thereof. 

In another preferred embodiment, the present invention provides a method for 
producing a nucleic acid with a, least 70% homology to the polynucleotides of the present 
invention comprising contacting a nucleic acid samp.e with a primer comprising at leas, 13 
consecutive nucleotides of the nucleotide sequence of Claim 3, or a, least 15 conserve 

nucleotides of the complement thereof. 

In another preferred embodiment, the present invention provides a method for making 
SOS2 protein, comprising culturing the host cell carrying the polynucleotides of the 
invention for a time and under conditions suitable for expression of SOS2, and collecting the 
SOS2 protein. 

In another preferred embodiment, the present invention provides a method of making 
a transgenic plant comprising introducing the polynucleotides of the invention into the plant. 

In another preferred embodiment, the present invention provides method of 
increasing the salt tolerance of a plant in need thereof, comprising introducing the 
polynucleotides of the invention into said plant. 

In another preferred embodiment, the present invention provides an isolated 
polypeptide comprising the amino acid sequence in SEQ ID NO:2 or those proteins that are 
at least 70%, preferably 80%, preferably 90% and preferably 95% identity to SEQ ID NO:2. 
Preferably, the polypeptides have serine/therenine kinase activity. 

QPjEFJ^FS^TPTION OFJ H F. FIGURES 
A more complete appreciation of the invention and many of the attendant advantages 
thereof will be readily obtained as the same becomes better understood by reference to the 
following detailed description when considered in connection with the accompanying 
drawings, wherein: 

Fig 1- Positional cloning of the SOS2 gene. (A) Physical mapping of SOS 2. 
Genetic mapping delimited SOS2 to a region in the BAG clone K21B8. The SOS2 gene was 
identified by sequencing candidate genes in this region from sos2 mutant and wild-type 
plants (B) Structure of SOS2 and position of sos2 mutations. Positions are relative to the 
initiation codon. Filled boxes indicate the ORF, and the lines between boxes indicate mtrons. 



«. 2- SOS2 encodes a putative serine/threonine protein kinase. (A) Diagrammat,c 
represenlion of SOS2 struck. (B) SOS2 cDNA sequence and the conceptual translate 
SX> pluc. ol longest ORF (GenBank accession number AF 237670). Underhned .s a stop 
0- Ion (TAaL -6 to -4 that precedes the ATG in-frame. Numbers I-X. indtcate kmase 

■ \ r .a v™ Hanks et al (25) with invariant and nearly invariant ammo acid 
5 subdomains as defined by HanKs et ai. t^j, » 

residues highlights in black and gray, respectively. 

Fig 3- Ami alignments. (A) Alignment of putative kinase catalyfc doma.n of 
SOS2 with SNF1 (23) and human AMPK kinases (24). Ammo 

acd residues identical iL least two proteins are highlighted in black and conserve 
10 substitutions in gray. MuVions tha, abolish SOS2 autophosphorylation (see F.g. 4) are 

indicated; firs. • is K40N,n\nd second is • G197E, which corresponds to the ».« MU. 

0 (B) Alignment of the Ctermi\l portion of SOS2 with the regulatory domams of 
*B u f nnA human CHK1 (hCHKl) kinases (27). 

™ ^ w cn<;? kinase GST GST-SOS2, GST-SOS2 plus 

! a Fig 4- Autophosphorylation of SOS2 kinase, wi.uoi 

J GST-SOS3, and mutated kinases GST-SOS2 (K40N) and GST-SOS2(G187E) were 

1 - jessed in E. coli, purified from bacterial lysates by means of glutathione Sepharc.se 
I chromatography, incubated with [v-*p] ATP in kinase buffer, electrophoresed I on 
S SDS/polyacrylamide gel, and Coomassie stained (Left), and exposed to x-ray fi m (Faght). 
E 3 Sj&^Sta 5' Regulation of SOS2 expression by sal. stress. Plants were treated wtth 200 

J ^NacTbv or with nutrient solutation as a control (B) for the indicated time periods. 
% Total RNAweVs extracted from roots and shoots, and subjected to Northern Wot analysts 

with "P-labele \oS2 cDNA as probe. Thirty-five micrograms of total RNA was loaded tn 
each lane. EthidL bromide-stained rRNA bands were used as controls for equal loadmg. 

\ 

r^j^ll^TlJSESCKlErjOXI^FJIHrLrj^YEMnQN 
Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art of molecular otology. 
Mthougn methods and materials similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, suitable methods and materials are 
30 described herein. All publications, patent app.icafons, patents, and other references 

mentioned herein are incorporated by reference in their entirety. In case of confnct, the 
present specification, including definitions, will control. In addition, the materials, methods, 
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and examples are i>lus,ra«ive only and are no, Wended to be limiting. 
Terence is made to standard textbooks of molecular biology 

A Laboratory Manual, Cold Spring Harbor Laboratory Press, New York (1989), 

A Laboratory Laboratory Press, New 

Plant Moleeular Biology, Mahga et al, Eds., Cold Spring Ha 

.,„i Pd« Cold Soring Harbor Laboratory Press, 
York (1995); Arabidopsis, Meyerowitz et al, Eds., Low spring 

New York (1994) and the various references cited therein. 

The term "plan," includes whole plants, plan, organs (e.g., leaves, stems, roots, etc.), 
1 he term p m „ T h„ class of plants which can be used in the 

seeds and plant cells and progeny of same. The class otpian, 

me hoTs of the invention is generally as broad as the class of higher plants amenabl to 

::!;i,,on — „— 

Preferred plants include rice, com, wheat, cotton, peanut, and soybean. 

Thus in one embodiment of the present invention, the sal, tolerance of a plan, can be 
ennanced Increased by increasing die amount of protein available in the plan,, preferably 
by the enhancement of the SOS2 gene in the plant. 

Thus, one embodiment of the present invention are plan, cells carrying the 

isolated polynucleotides of the present invention. 

As used herein, die term "enhancement" means increasing the in— activity of 

: » „1a„t cell and/or plant which are encoded by the corresponding 
one or more enzymes in p. £ P ^ ^ 

Tl!" i- — ir articularly over-expression, die number of copies of 
cell. In order to acmeve promoter- and 

; n rwied a strong promoter can oe useu, ui u«- f 
the corresponding gene can be increased, a strong p structura l 

inducible promoters. A gene can also be used wnicti 

„«i«n he immoved by measures for extending the life ot the 
) high activity. Expression can also be improved oy 
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™ me activity as a whole is increased by preventing the degradation 

example, in Methods in Plan. Mdecuiar Biology, Mahga e« ai, Eds., Cold Spring 
Laboratory Press, New York (1995). 

A g ene can also be used which encodes a corresponding or variant enzyme with a 

K- h c«vt Preferably to corresponding enzyme has a greater activity than the native form 

h.gh activity. Preferably in f activity, most 

of the enzyme, more preferably at least in the range of 5, 10, 25 

preferably more than twice the activity of the native enzyme. 

In the context of the present Application, a polynucleotide seance is — gous" 
wi ,h the sequence accordtng to the invention if a, least 70%, preferably a, leas, 0, most 
preferably at leas, 90% of its base composition and base sequence corresponds to the 
:lce according to the invention. According to the invention, a "l— ou ^m s 
t0 be understood to comprise proteins which contain an amino add * ta " t 

Ihich, prefers a, leas, SO % of which, most preferably a, leas, 90 % of wh. , 

their charge, hydrophobic character, steric properties, etc. 

Homoiogy, sequence similarity or sequence identity of nuclide or amino acid 

sequences may be determined conventionally by using known software or computer 
sequences may ^ (GCQ Wlscomm 

urograms such as the tfestf it or kjujj ya _ in r> p . t pu 

Paige, Genetics Computer Group, 575 Science Drive, Madison, Wisconsin 3 11). 
uses the local homology algorithm of Smith and Waterman, Advances ,n ^ 
Mathematics 2: 48,4S9 (1981), ,0 find the best segment of identity or — ~ 
two sequences. Oa P performs global alignments: al, of one sequence «, « 
sim „ar sequence using the method of Keedleman and Wunsch^Mo, - - 
( , 970 ) When using a sequence alignment program such as BestFU, to detenn 
t sequence homology, similanty or identity, the default setting may be used or an 
apZriate scoring matrix may be selected to optimize identity, similarity or homology 



scores. Similarly, when usmg a program such as BestFit ,o determine sequence tdentrty, 
similarly or homology between two different amino acid seances, the default setttngs may 
be used, or an appropriate scoring matrix, such as b ,osu m 4 S or Mosun.80, may be se,ec,ed to 
optimize identity, similarity or homology scores. 

The present invention also relates to polynucleotides which contain the complete gene 
with the polynucleotide sequence corresponding to SEQ ID No. 1 or fragments thereof, and 
which can be obtained by screening by means of the hybridization of a correspond,^ gene 
bank w,.h a probe which contains the sequence of said polynuc.eo.ide correspond to SEQ 
ID No. 1 or a fragment thereof, and isolation of said DNA sequence. 
0 Polynucleotide sequences according to the invention are suitable as hybridization 

0 probes for RNA, cDNA and DNA, in order to isolate those cDNAs or genes which exhtb,. a 
S high degree of similarity to the sequence of the SOS2 gene. 

1 Polynucleotide sequences according to the invention are also suitable as primers for 
: :i phrase chain reaction (PCR) for the production of DNA which encodes an enzyme 

j§ having activity of a serine/threonine kinase. 

k Oligonucleotides such as these, whtch serve as probes or primers, can contain more 

O than 30, preferably up to 30, more preferably up to 20, most preferably a, leas. 15 successive 
| uueleoUdes. Oligopeptides with a length of a. leas. 40 or 50 nuclides are also smtable. 
" The term "isolated" means separated from its natural environment. 

M The term "polynucleotide" refers in general to polyribonucleotides and 

P^ydeoxyribonucleotides, and can denote an unmodffied RNA or DNA or a modified RNA 

or DNA. 

The term "polypeptides" is to be understood to mean peptides or proteins which 
contain two or more amino acids which are bound via peptide bonds. 
25 The polypeptides according to invention include polypeptides corresponding to SEQ 

m No 2 particularly those with the biological activity of a serine/threonine kinase, and also 
includes 'those, at least 70 % of which, preferably at least 80% of which, are homologous 
with the polypeptide corresponding to SEQ ID No. 2, and most preferably those wh 1C h 
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exhibit a homology of ,eas, 90 % .o 95 % wi,h .he po,ypep,ide corresponding to SEQ .D No. 
2 and which have the cited activity. 

The invention a,so reia.es to coding DNA sequences which resuU from SEQ ID No. 1 
by degeneration of the genettc code, In the same manner, the invention.^ , .eiates to 

, , -j- itu cpn TD No 1 or with parts of SEQ ID No. l . 
DNA sequences which hybridize with SEQ ID No. i or w F 

Z o r one skilled in the ar, is also aware of conservaUve amino acid rep.acements su h 
" Irep acement of glycine by aianine or of aspartic aod hy glutamic aci .nprotems as 
•,e,e mutations" winch do no, resui, in any fundamental change n the ac ^ of *e 
protein i e which are functional neutral. « is also known that changes a, the N- anchor C 
II of a protetn do no, substantially impair the functton thereof, and may even stah.hse 



said function. 



,„ ,he same manner, fte present invention aiso relates to DNA sequences which 

., fcpAiDNn 1 Finally, the present invention 

hybridize with SEQ ID No. 1 or w,.h parts of SEQ ID No. " 

Ites to DNA sequences wh,ch are produced by polymerase cha,n re c .on <PCR) u mg 
ougonucleotide primers which res,,, from SEQ ID No. . . Oligonucleotrdes of ft- type 



typically have a length of at least 15 nucleotides. 



. . . „ nr ..etrinaent hybridization conditions" includes 
The terms "stringent conditions or stringent nyonaiz 

re fereL to conditions under which a polynuclco.de wi„ hybridrze ,0 i,s target sequence, ,o 
I detectably greater degree than other sequences (e.g., a, leas, 2-,o,d over background,. 
S " olfons ar! sequence-dependent and win be different m different c—nces. 
By controlling the stringency of the hybridization and/or washing condmons, targe, 
I« can be identified wh,ch are ,00% complementary to the probe (homologous 
Jb ^ Alternative,,, stringency conditions can be adjusted to allow some m.smatchmg ,n 
Lquences so fta, lower degrees of similarity are detected (heterologous probmg). 

Typicaily, siringen, co„d„ions wi„ be ftose in which fte salt cone— is less ftan 

. • ,i„.h™„n 01 tolOMNa ion concentration (or other sails) a, pH 
aboutl.5MNaion,typicallyabout0.01tol.l>M 

7 0 to 8 3 and the temperature is a, leas, about 30°C. for short probes (e.g., 10 50 
nncLides) and a, leas, about «TC. for long probes (e.g., greater ftan 50 nucleondes, 
« nditions ™y also be achieved with fte addinon of destabihztng age- such as 
Z amide. Exemplary low stringency conditions include hybridization w,ft a buffer 
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■a 1 ivi Nad 1% SDS (sodium dodecyl sulphate) at 37°C, 

T" "I" « S^^M KaCVol M — citrate, a, 

and a wash m IX to 2X < 20 hybr idization in 40 to 45% formamide, 1 

Exempt moderate strmgency cond, ,on mdud J ^ ^ 

138:267-284(1984). lm ./rristheoercentageof guanosine and cytosine 

M is the molarity of monovalent canons, %GC ,s ,h e«e S ^ 

nncleotides in the DNA, % form is the percenta^ '^^J defmeQ 

ionic strength and pH) at wh.ch o P mism atching ; thus, 

perfectly matched prohe. Tm is reduced by about 1 C. **** ^ 

Tm , hybridization an*or - «* - sough,, the 

H.=imrt identity. For example, if sequences wuuow 

desrred y ns ^ se , ected t0 be about 5 C 
Tm can be decreased 10 C Genera y^ * g ^ ^ a( , 

, 0W er than the thermal ^ condition s can utilize a 

defined ionic strength and p* Howe r se ^ ^ ^ 

hybri diza,ion an„or wash at 12 3 C ^ ^ at 6 , 7 , 8; 9 . or 10X. 

moderately stringent condmons can «*» hy ^ ^ ^ 

to wer than the thermal meltmg pom, Tm, 1 w « « , ^ ^ ^ ^ ^ 
hybridization and/or wash at 11, 12, 13, 14, ,5, a „ d desired Tm, those of 

Using the equafon, ^^^^^ -or wash 
ordtaary „ u— « = ~ — g results in a Tm of 
solutions are inherently describee, we nre ferred to increase 

le ss than 45 - C. (a.ueous solution) or 32 - C (—* ,olut^ ^ 
the SSC concentration so that a Chapter , 

, hybridization of nucleic acids is found in Current Protocols 

a m hel et al Eds Greene Publishing and Wiley-Interscience, New York (2000) 
Ausubel, et al., Eds., ^ ^ isolated 

Thus, with the foregoing information, the skiueo 
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f the nresent invention can be carried on one or more 
The polynucleotide sequences of the present 

, -a ^tnr, as known in the art for plants or the like, 
suitable plasmid vectors, as Known 

In one embodiment, , may be _ ^ ^ 

ca rry a in a bacterial or fungal - «* *> cell 
Common methods of propagating polynucieottdes and prod a 

are .nown in the ar, and are described * ^£Z*£ (1982) ^ Sambroo, 
moratory Manua,, Cold Spring ^ „ arbor Laboratory Press, New 

et al., Molecular Cloning: A Laboratory Manual, Cold Spnng 



York (1989). 
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MMelialiarisLMelriQds 

„. ■ „ r„„etic mapping with restriction fragment length 
Genetic and Physical Mappmg. OeneUc "»» Constructio » of yeast 

a pri? h^ed markers was as describee {i?}. ^ 
poly morphism and PCR^ed - ^ ^ ^ (1) 

artificial chromosome (YAC) and barter ^^^^ 
was partly based on information available at ^ ^ ^ information is 

chrom5.map a ndhttp://www.ka Z usa.or. J p/arab 1 /chr5/map/12 

incorporated herein by reference. 

• nxT a was amnlified from wild-type 

. , -c Por seauence determination, DNA was ampiuic 

Nucleic Acid Analysis. For sequence rf ^ 

u DPP Nine sos2 mutants alleles are Known > 

pla „,s and sos2 mutants by ^ seeds were n0 , a vai,ab,e. To 

all cles were analysed exc^ - ^ ^ _ ^ ^ 

avoi d errors resuitmg from PCR thepr ^ ^ 

sequenced. Reverse transcnptton-PCR was carr 
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* «■ una extraction, and Northern blot analysis 
Arabidopsis seedlings. Salt stress treatment, RNA extraction, 

were carried out as described by Ishitani et al. (22). 



Win Expression. To produce bacterially expressed 
" rLcC^TOTrOATCOCT were used for the , « PCK, - . - 

I ocGAArrcrrXroooATCAAAACOTOArrGrrc.0 and 5 - 

tU GTGATAATGTAGCOATCAACATTATGGCTA were used for the second 

S mutant protein GST-SOS\(G197E), primer pairs 5'- 

W r-rr rATCCATGACAAA^AAAATGAGAAGAGTGGGC and 5 - 

1^ GCGGATCCA 1 ua^/w^* reaction and 5'- 

f ATATAACGAAAAGAATAACCTCGCAAGACC were used for the first 

% OCTGATATTTGGTCTTGCG ^YA^CTT ^ ^ ^ 

O GCGAATTCTTAAGTTGGGATGAAAACGTGATTG 

_ , • /- i : ,,,^\ rlnnf with 5 - 
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reaction. The final amplification waWe with 5'- 

GCGAATTCTTAAGTTGGGATC AAA^TG ATTGTT ^ ^ 

Jates with glutathione-Scpharose heads (A^ PhatmaCia) ' 

4 GST fusion proteins were incubated in kinase buffer [20 mM Tris-HC. <pH 
Kinase Assay. GST-taon pro ^ fcy adding [iy . 

,0VS mM MSCV- ^ «^Sr — n was stopped b y adding 4X 
32 P1ATP and was trasnferred to 30 C for 31) mm. 

i oA U\, «;Tm/PAGE and autoradiography. 
SDS-sample buffer and analyzed by SDb/f auc 



30 
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~ im r^nlting in mal-splicing, premature 
the donor site of an intron splice junchon (Fig. IB), resulting » 

termination, and a truncated polypeptide of 130 amino acid rescues. 

The C-termina, putative regular domain of SOS2 is relatively unio.ue. Part of th,s 

d omai„ of SOS2 snows low science homology with the — « ^ , s of 

. x 1 • - rw*n from veast and humans (27-29) (rig. ^ u * 

7 in, the catalytic domain intact. This suggests an essenual funcuon of the 
domam, leavmg the catalyt.c d ^ ^ ^ ^ 

pu,ativ : rnn^ - -tr^.i--- — - - — - 

nutative regulatory domain. The sos2-2 mutation that was created by fas. neutron 
putauve regula ^ ^ Krmma , I0n> 

bombardment (18) has a 2 bp aeie ,„ m e sos2-3 mutant allele, a single 

resulting in a truncated polypeptide of 287 ammoac.d, In me so 2 3 
n ucleotide substitution creates a stop codon mat truncates the protem a, Pro-262. 

Protein Khtase Adv.* U Re,uired for SOS2 Function. Tc .determine — 

• i ■ „«. ti,P SOS2 ORF was cloned into pGEX-21 K ana 
SOS2 encodes a functional protem kinase, the SOS2 

r terminal fusion protein to the bacterial GST. GS1 -bUbz wab 

^r:^!, chromatography w, *~*^Z~ 

punneu iiun Incubation of the 

and shown to have the expected molecular mass of 78 kDa (F.g. 4). 
recombinant protein with [v»P]ATP ,» an in rUro kinase assay produce a stro g 

, . ™„1 that is likely the result of SOS2 autophosphorylahon (F,g. 4, lanes 
phosphorylation s.gnal that l*ely ^ II (Fig. 2) 

and 3). Lys-40 of SOS2 corresponds to a h ghly conse 

autophosphorylation assays. The Lys 4U to a 



o 



of SOS2 (Fig. 4, lane 4). 



,„ ,he SOS2-5 mutan, a,le,e, the hrghly conserved Gly- 1 97 is 

J ... s allele in bacteria, and the resulting mutant protem GST-S0S2(O 
" ^ k Z c^ty. U e the L ys-40Asn mutation, the sos2- 5 mutatton also 
was examined for kinase acuvny. xwause sos2-5 is a 

abolished the autophosphorylation activity of SOS2 (F.g. 4, !ane 5). Because 
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Positiona, C.o»i» g of SOS2. The SOS2 gene was mapped by crossmg the sos2-2,sos2J 
lul, which is in .he Co.umbia eco^pe, ,o the SOS2SSOS2 Landsberg ecotype. On the 
:r ;I X of i230 recombinant chron— me SOS2 iocus was previous,* gapped 
r om osoLv,be t wee„ — ^^^^^ 
mapping using me recombination crossover pomts narrowed SOS. to a eg o 

action fragment iength >^^™J?£Z ^3, was 

CO n,ig covering * occurr ed (Pig. i A, A contig of 

f0U nd to be „gh, y ^L^L^. Stmp.e sequence iength poiymorpHsm 
BA r™ — — e poiymorphism marker LEM0K9 were 
markers 26D22-1 and MU rest5ectiv e BAC clones. Genetic mappmg 

developed based on sequence information of the respective BA 

, ,• Ap«inS2 locus to a 60-kb region of K21B8. Sequence 

using these markers delimited the S0S2 locus * 

ana l ysis revealed that a candidate gene within «. = rnes — 
aUeie, which was generated by fast neutron ,1 mutation 

sealed that other sos2 alleles all carry <^J^ ^ that 

causes a change in amino acid sequence in the predicted OKK 
this candidate is the S0S2 gene. 

Th* transcribed sequence of the SOS2 gene was 
Encodes a Protein Kinase. The transcribed sequc 
SOS2 Encode transcr iption-PCR. Comparison with 

determined by sequencing cDNAs obtained oy 

u ^ th*t the SOS2 gene contains 1 3 exons and 1 2 introns {t ig. 
the genomic sequence showed that the SOS2 g ^ 
im QQS2 is predicted to encode a protein of 446 amino acids witn 

™ ( Fig 2) Database searches revealed that the deduced amino acid sequence 
mass of 51 klJa ^ig. ^ a _ rmtative kinase 

of S0S2 has scanty with various serine/threonine protem kmases. The puUtwe k 

• , • „f SOS2 resides in the N-terminal portion of the protem (Fig. 2 A) and 
cataly t,c domam of SOS2 res.des m & 

— - 1 1 sub r:r — °;; i —amp: *> <», 

rrTl ^ " t -» — s are predicted ,0 disrupt the kinase 
charged glutamic acid residue. sos2-6, sos2-7, and sos2 
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recessive — (IS), the results show tha, kmase activity is retired *>r SOS2 Action .n 

plant salt tolerance. 

SOS2 kinase apparent* has a very specific substrate retirement because none o f the 
_iy used protein kinase substrates, such as histone Hi, myel.n bas.c protetn and 

SOS2 nor did it appear to atfec, SOS2 autophosphorylation in y*o (F,g. 4, lane 3). We 
! v e ;I n, ly foulevera, synthetic serine- or Conine-containing pepttdes that can ^ 
lily phosphorylated by SOS2 (30). .„ addition, phosphorylation of the pepttdes by SOS2 
depended on the presence of both SOS3 and Ca* (30). 

SOS2 Expression in the Root * Up-Reg^ed by Sa.« Stress. To analyze SOS2 
expresl under sal, stress, ,0-day-o,d ***** s seedlings in agar plates were pulled ou, 
of I medium and placed on filter papers soaked with 200 mM Nad in Murasluge and 
Zl. *» 3, 6, or 12 h. Control plants were treated in the same manner, 

^ - Nad was added to the nutrient solution. After the treatment, roots an shoots 
re separated a, the base of hypocotyls. Total RKA was extracted from control an NaCl- 
IledLsues. NC^^^^SOSZCONA-.^^.-* 

• t , ,uhth e exoected size of SOS2 mRNA (Fig. 5). In the root, a 

rriTri™.:, - — ~ • 

. a i c n f <m<Z7 mRNA were detected (Fig. 5 A), in me 

or 12 h of NaCl treatment, increased levels of SOS2 mKJNA we 

, t - ,f SOS2 transcript was found after 3 or 6 h of NaCl treatment, 
shoot, slight up-regulation of SOS2 transcript was 

However 12 h of NaCl treatment appeared to decrease SOS2 expression in the shoot (Fig^ 
However, iz transcriot were detected, and no 

5 A) In the control treatments, only very low levels of SOS2 transcript we 
SAj. muicwui overall the steady-state 

uo-resulation could be seen throughout the time course (Ftg. 5B). Overall, the 

I o SOS2 transcript was very low, and „ took approximately a week of x-ray exposu e to 

II the signals shown, whereas a few hours were enough for most other stress-mduced 



genes. 



Discussion 

SOS2 is a major salt tolerance locus in A. thaliana (1 8). Mutations in the SOS2 gene 

. u-„h Mistress and to low K + stress. Based on mutant 
drastically reduce plant tolerance to high Na stress and 



) 
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• i , fw SOS2 mieht encode a regulatory protein 
cha rac,e ri *a,ion, we have postdated transporters OS). * the 

, hat controls the expression ^ ^ ' ^JL. Coning. SOS, 

tolerance has been hypothes.zed (31). Our results pr 

phosphorylation is involve, in Na* and r •""^^'T^^l wiU help 
Location of protein su b stra,e(s) «ha, are phosphorated by the 



factor(s) that control their expression. 



) 



tactons; mat wuuuv. l 

Action rn the same rectory pathway (,8). We tested and t oun «ha SOS , . 

t . i „„„ .„ did it affect SOS2 autophosphorylation (Fig. 4). neve 
phosphorylated by SOS2, nor did at phosphorylation of 

we have discovered to. SOS2 physically .nteracts w.th SOS3, and SOS p 
peptide substrates is activated by SOS3 in a calcium-dependent manner (30). 

SOS2 transcript is present in both roots and shoots. This is consistent with the 
JZ ZTJ> thel, and me shoot of sos2 - *~ - '^^^ 
stress (.3, SOS2 express.on in the 

signlf ,cance of this J- W very iong exposures tn 

in the root even without stress treatment, w 

theNo rthern b lotanal yS iso ;b= 

of SOS2 in the absence of stre ^ ^ may be important to 

leading to salt adaptation. The slight up regu s0 S3 expression 

i i f cn?9 nrntein during salt stress. Like buaz, a^oj ^ 

S0 S2 piay reguiatory ro.es tot do no, necessarily retire abundant express. 

SOS2 encodes a protein Kinase with a catalytic domain a, the N terminus a „d a 
, ' at the C terminus The kinase catalytic domain is essenttal for SOS2 
regulatory domam at the C termmus. subs , itu „„ n within the catalytic 

function. The sos2-5 mutation causes a smg.e ammo ac d sub 
domain to, abolishes kinase autophosphoryia.ion. resultmg ,n the loss 
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before increased sensitivity to sa,t stress. The regulatory domain aiso appears to be 
essentia! for SOS2 function because mutations that truncate (sos2-2 and sos2-3) or dtsn.pt 
esseimai u;aVi>Ja + and low K stresses. The 

this domain (sos2-l) render plants hypersensmve to h.gh Na to " 
catalytic domain of SOS2 is highly simiiar to the catalytic domams of SNF ,/AMPK ktnase 

t). SNF 1 /AMPK kinases function to protect cehs against nutritional or c_en,a, 
stresses that deplete cellular ATP by regulating both metabolism and expression (23, 24). 
1Z1 the lytic domain of SO is very similar to those of year SNF1 and tnammahan 
Altnougn xnc waiy because true 

AMPKkinases SOS2clearlyisnotaplanthomologofSNFl/AMPK. Tlustsbe 

1™AMPK kinases, such as SnKK, share substantia, sentence similarly wrth yeas, 
",1 mammalian AMPK a, the C-termina. regulatory domain in addition to very h,^ 
similarity a. the N-terminal catalytic domain (32). Par, of the regulatory omam o SOS2 
milar » me DNA repair and rep.ication checkpoint kinase CHK, (Fig. 3B) wh.ch ,s 
7uL for cell cycle arrest in response to DNA damage (27-29). The science sumlanty 
I CHK, kinase is interesting because sos2 mutants show cel, cyc.e defect a, the root 
meristcm m me presence of Na* stress (J.-K.Z., unpublished data). 

Although several protein kinases were previously reported to play ro,es in plant stress 
resporT none of them functions in ion homeostasis (33-36). The A.DBF2 protem ktnas 
: ntifled by .ts ability to increase no, only sal, tolerance bu, also osm* ea an dc^ 

stress .olerance .hen overdressed in ^^Z^^ by 

(33} The mitogen activated protein kinase MKK4 from aliaiia w 
o aid drought bu, no, by sal, stress (34). Ectopic expression of a calcium-dependent 
I kinasl mai Z e protop,as,s ac,iva,es ,he expression of cold and res = 

genes (36). The transcript levels of several pro,ein kinases were shown to be up-regula,e4 by 
lu s, esses including ,ouch, cold, and osmotic stress (35); however, — 
unknown In contrast to these previous,y reported protein kinases that are mvolved m e.ther 
^responses or in osmotic and cold stress responses, the SOS2 kinase has spec.fic roles 
in plant adaptation to high Na" and K" stresses (18). 

Obviously, numerous modifications and variations of the present invention are possible 
in J of the above teachings. It is therefore to be understood tha, within the scope of the 
; e! ed claims, the invention may be practiced otherwise than as specifically descnbed 



herein. 
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